The primary outcome measure was a comparison of Axis I psychiatric diagnoses in patients diagnosed with PNES versus ES. Results: A total of 81 patients were diagnosed with PNES, and 70 with ES. PTSD was the most frequent Axis I diagnosis in veterans with PNES (64%, vs 13% of those with ES; P < 0.001). Posttraumatic stress disorder (PTSD) was common regardless of deployment to a war theater or combat exposure. Mood, substance abuse, and anxiety disorders were also more common in the PNES group. TBI was cited as a likely cause of seizures by 47% of veterans with PNES versus 25% of those with ES (P = 0.01). PTSD and attribution of seizures to TBI were found in 30% of veterans with PNES versus 3% of those with ES (P < 0.001). Significance: In veterans referred for inpatient seizure evaluation, PTSD was strongly associated with a diagnosis of PNES versus ES. The association of PNES with PTSD, attribution of seizures to TBI, or both, may prompt early consideration of PNES.
decreased ability to work and drive. 3, 4 Most are mistakenly thought to have epilepsy and are exposed to long-term antiepileptic drug therapy, which is ineffective and may cause harmful side effects. 2, 5, 6 PNES are prevalent within the Veterans Affairs (VA) health care system, the largest integrated health care system in the United States. EMU-based studies at VA Medical Centers have shown that a discharge diagnosis of PNES is as likely as a diagnosis of ES, unlike the pattern in civilian EMUs, where ES are more common. 1, 2 Also, the diagnosis of PNES is greatly delayed in veterans as compared to civilians. 2 These delays lead to protracted antiepileptic drug therapy and may prolong disability. Because PNES are symptoms of underlying psychiatric disorders, an understanding of psychiatric comorbidities is an important step toward developing effective therapies and could aid in early recognition. 7, 8 The considerable psychiatric heterogeneity seen in patients with PNES suggests that evaluation of specific patient groups may better define therapeutic targets. We report the first multicenter, prospective study of psychiatric comorbidity in veterans with EMU-proven PNES and ES. Previous studies have also shown a possible relationship between traumatic brain injury (TBI) and PNES, an important consideration given the high rates of TBI reported in recent US military conflicts. [9] [10] [11] [12] We also evaluated patient attribution of TBI as a cause of seizures.
| MATERIALS AND METHODS

| Patients
Study candidates were consecutive patients admitted to the EMUs of the San Francisco, California; Madison, Wisconsin; and Portland, Oregon VA Medical Centers, over a 36-month period. Of 524 unique patients, we excluded 33 who were unable to participate due to cognitive or visual impairment, and 31 in whom previous EMU monitoring had established a diagnosis of ES or PNES (to minimize reporting bias). Of the remaining 460 patients, 83 refused to consent, 40 were not enrolled due to study personnel being unavailable, and four were excluded due to isolation for infections. Three hundred thirty-three patients were consented and tested ( Figure 1 ). Due to patient requests, not all participants completed all evaluations. 13 Only those patients with a diagnosis of PNES or ES were included in the current analysis, including all consenting patients from the consecutive series with these diagnoses ( Figure 1 ).
| EMU diagnoses
| Research evaluations
To minimize bias, interviews were performed, and questionnaires collected, prior to completing video-electroencephalographic monitoring and debriefing patients regarding their seizure diagnosis. The final seizure type diagnosis was not known at the time of the research evaluations. The planned primary outcome measure was a comparison of Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV) Axis I psychiatric diagnoses in patients diagnosed with PNES versus ES. Research evaluations included the following.
| Structured Clinical Interview for
DSM-IV
Structured Clinical Interview for DSM-IV (SCID)-I is a semistructured interview for determining Axis I mental
Key Points
• The overall burden of psychiatric illness (number of Axis I diagnoses) was greater in veterans with PNES versus ES (P < 0.001) • PTSD was the most frequent Axis I diagnosis in veterans with EMU-confirmed PNES, affecting 64% (vs 13% of veterans with ES; P < 0.001) • PTSD was associated with PNES regardless of deployment to a war zone or combat exposure • Veterans diagnosed with PNES more commonly attributed their seizures to a TBI as compared to veterans with ES (47% vs 25%; P = 0.01) • The combination of a PTSD diagnosis and attribution of seizures to a TBI was present in 30% of veterans diagnosed with PNES versus 3% of those with ES (P < 0.001) disorders as classified by the DSM-IV. Interviews were performed by study psychologists/psychiatrists. SCID-II evaluates 13 Axis II personality disorders using DSM-IV criteria. To ensure reliability of administration and scoring across sites, the principal psychologist (E.G.) trained clinicians from all sites, and interviewers conducted blind practice ratings of an audiotaped administration until 85% agreement was reached. Scoring discrepancies were addressed through periodic conferences.
| PTSD Checklist (civilian version)
The PTSD Checklist (PCL) is a self-report measure of the severity of current PTSD symptoms. 14 Results are highly correlated to those obtained with the Clinician Administered PTSD Scale.
| Beck Depression Inventory-II
The Beck Depression Inventory-II (BDI-II) is a self-report inventory measuring the severity of current depression symptoms. 
| Combat Exposure Scale
The Combat Exposure Scale is a measure of exposure to stereotypical warfare experiences such as firing a weapon at the enemy. It is a measure of combat intensity. 
| Patient Seizure Etiology Questionnaire
The Patient Seizure Etiology Questionnaire (PSEQ) is a self-report questionnaire that assesses patient beliefs regarding TBI (or other factors) as a cause of their seizures. 17 Patients attributing seizures to TBI had an additional structured interview regarding the number and severity of TBIs (VA/Department of Defense guideline). 18 We also obtained measures of performance and symptom validity: (1) 
| Statistics
Normality of distributions was checked using the ShapiroWilk test. Univariate comparisons of SCID-I/II diagnoses (percentage of patients in the ES vs PNES groups) utilized Fisher's exact tests. Comparisons of ES and PNES groups for the PCL, BDI-II, Combat Exposure Scale, TOMM, and MMPI-2 RF validity scores utilized the Wilcoxon test (nonnormal distributions). Effect size estimates were calculated using Cohen d. The PSEQ was scored using a previously validated algorithm. 17 The frequency of TBI attribution in the ES and PNES groups was compared using Fisher's exact test. Multivariate logistic regression modeling was used to evaluate the contributions of psychiatric diagnoses and TBI attribution to seizure type classification (ES vs PNES). The area under the receiver operating characteristic curve was used as a measure of classification accuracy. All tests were two-tailed with a significance threshold of P > 0.05 (SAS v9.4; SAS Institute, Cary, North Carolina).
| Standard protocol approvals, registrations, patient consents, disclaimer
This study was approved by the ethical standards committee and central institutional review board for the US 
| RESULTS
| Patient characteristics
EMU discharge diagnoses are summarized in Figure 1 . There were 70 patients (21% of all consenting patients) with a discharge diagnosis of ES only and 81 patients (24%) with a discharge diagnosis of PNES. These percentages are similar to national statistics from the VA Epilepsy Centers of Excellence. 21 Discharge seizure diagnoses for patients who did not consent to participate were similar to those of who consented (P = 0.81, chi-square). Age and gender distributions were also similar. Characteristics of the ES and PNES patients are provided in Table 1 . Age at admission, age at seizure onset, and gender were similar in the two groups. Patients diagnosed with PNES had more disabling seizures per month than patients with ES (P < 0.001). About half of the patients in each group had been deployed to a war theater, and 33% of patients with PNES versus 41% of those with ES reported combat. For patients reporting combat, the intensity of combat exposure (Combat Exposure Scale) was similar in the two groups. Most patients in both groups were disabled, unemployed, and not driving, primarily due to seizures.
| Psychiatric diagnoses
SCID interviews were completed for 63 patients diagnosed with ES (90%) and 71 patients with PNES (88%). Diagnoses are summarized in Table 2 . There was a median of three Axis I diagnoses per patient in the PNES group versus one for the ES group (P < 0.001). Anxiety and mood disorders were common in the PNES group, each affecting >50% of patients. These were also the most common diagnoses in patients with ES, but at lower frequency. Somatoform disorders were diagnosed in 20% of patients with PNES (vs 2% of those with ES). Because the diagnosis of PNES was not yet established at the time of the SCID interview, PNES did not contribute to the diagnosis of somatoform disorders. Axis II diagnoses were also more common in patients with PNES (P = 0.03; details in Table S1 ). Specific Axis I diagnoses are graphed in Figure 2 (all Axis I diagnoses are provided in Table S1 ). PTSD was the most common psychiatric diagnosis in the PNES group, affecting 64% of patients (vs 13% of the ES group, P < 0.001). Major depressive disorder (MDD) was also common in PNES patients (59%) and was the most common Axis I diagnosis in the ES group (33%, P = 0.002 vs PNES). Anxiety disorders (panic, phobias, obsessive-compulsive) and substance use disorders (alcohol, stimulants) were also among the most common Axis I diagnoses and were diagnosed more often in the PNES versus ES group.
Posttraumatic stress disorder (PTSD) was common in veterans with PNES, regardless of deployment to a war theater or combat exposure. The frequency of PTSD was 71% among patients with PNES who were deployed, and 55% in those who were never deployed (P = 0.21, Fisher's exact test). For comparison, the frequency of PTSD in ES patients deployed to a war theater was only 20% (6% in those never deployed). Similarly, PTSD was diagnosed in 69% of PNES patients who saw combat and 60% of those who did not (P = 0.45).
The severity of current PTSD symptoms was assessed using the PCL (Table 2 ). Average PCL scores were higher in the PNES group as compared to the ES group, reflecting the higher frequency of PTSD (P < 0.001, Cohen d = 1.15). Even considering only those patients diagnosed with PTSD (by the SCID), patients with PNES had higher PCL scores than patients with ES (P = 0.05). The severity of current depressive symptoms (BDI-II) was also higher in patients with PNES than those with ES (P < 0.001, Cohen d = 0.66), but was similar in PNES and ES patients diagnosed with MDD.
Trauma type was documented for all patients diagnosed with PTSD and PNES. Traumatic experiences related to 
| Traumatic brain injury
TBI was cited as a likely cause of seizures by 47% of patients in the PNES group versus 26% in the ES group (P = 0.01; Table 3 ). Both military and civilian TBIs were reported more frequently in the PNES group. Among patients attributing their seizures to a TBI, those with PNES reported a median of two TBIs and those with ES a median of one TBI (P = 0.004). Most TBIs were classified as mild (58% PNES, 63% ES). Severe TBIs were more common in the ES group (25% vs 6% in the PNES group), and the distribution of TBI severity was different in the two groups (P = 0.05; Table 3 ). The combination of a diagnosis of PTSD (DSM-IV) and patient attribution of seizures to a TBI was present in 30% of veterans subsequently diagnosed with PNES, versus 3% of those with ES (P < 0.001, Fisher's exact test).
| Symptom and performance validity measures
MMPI-2 RF validity scales are summarized in Table 2 .
Patients with PNES were more likely to report excessive psychiatric, somatic, and cognitive symptoms than patients with ES. For example, 44% of the PNES group exceeded a score of 99 (recommended cutoff) for at least one symptom validity scale versus 17% of the ES group (P = 0.002, Fisher's exact test). 20 Patients who exceeded cutoff scores for at least one symptom validity scale had a greater number of Axis I diagnoses as compared to those who did not (PNES group: median of 5.0 vs 2.0, P < 0.001; ES group: median of 2.0 vs 1.0, P < 0.01). They did not differ with regard to age, gender, or disability status. Evidence for poor cognitive test effort (TOMM) was less common and similar in the two patient groups. Fifteen percent of patients with PNES and 11% of those with ES failed this measure of performance validity (P = 0.61). The number of Axis I diagnoses, age, gender, and disability status were similar in those patients who passed or failed this test. Roughly half of patients who evidenced poor test effort on the TOMM also exceeded the cutoff score for one or more MMPI-2 RF validity scales (7% of all PNES patients, 5% of all ES patients). However, <20% of patients who exceeded cutoff scores for the MMPI-2 validity scales failed the TOMM.
| Multivariate analysis
Logistic regression was used to classify patients as having PNES versus ES using psychiatric diagnoses (all Axis I diagnoses with significant univariate between-group differences at P < 0.05, total number of Axis I diagnoses, any Axis II diagnosis), PCL and BDI-II scores (all patients), and TBI attribution from the PSEQ. 
| DISCUSSION
In veterans with EMU-confirmed seizure diagnoses, PTSD was the major psychiatric comorbidity associated with PNES. Sixty-four percent of veterans ultimately diagnosed with PNES were found to have PTSD, as compared to 13% of veterans diagnosed with ES. The high frequency of PTSD was found regardless of deployment to a war theater, combat exposure, or combat intensity. Also, among veterans diagnosed with PTSD, the severity of current PTSD symptoms was greater in those with PNES as compared to those with ES. The frequency of PTSD among our patients with ES who had been deployed to a war theater (20%) is consistent with the estimated prevalence of 15% for Vietnam theater veterans and 17% for Operation Iraqi Freedom veterans. 22, 23 However, the frequency in veterans with PNES was several-fold higher. These results using prospective seizure type diagnosis extend those of two retrospective chart reviews, both of which noted a history of PTSD in more than half of veterans diagnosed with PNES.
24,25
The observed association of PTSD with an unexplained medical problem in veterans is not unique. PTSD has been associated with an increased risk of other somatic symptoms, including neurological symptoms. 23, 26, 27 Civilian studies have also demonstrated a higher frequency of PTSD in patients with PNES (31%) as compared to those with ES; however, this frequency is much lower than the frequency we observed in veterans. 8, 28, 29 Veterans with PNES also differed from civilians regarding trauma history. In civilians with PNES, sexual and physical abuse were the most frequently reported traumas. 29, 30 In our study, 84% of veterans with PNES and PTSD cited military traumas, primarily war experiences. However, at least one type of sexual trauma (military, childhood, or adult nonmilitary) was reported by 36% of veterans with PNES, similar to the frequency reported in civilians. 31 In this respect, veterans with PNES and PTSD report traumas similar to those of civilians plus additional military traumas.
Other psychiatric diagnoses were also more common in veterans with PNES as compared to those with ES. The number of Axis I diagnoses was higher in veterans with PNES, indicating a greater overall burden of psychiatric illness. In particular, MDD was diagnosed in 59% of those with PNES versus 33% of those with ES. MDD is generally the most common psychiatric comorbidity in civilians with ES. The reported prevalence of 20%-48% is similar to that of our sample. 28, 32, 33 The relatively high frequency of MDD in our patients with PNES is not surprising given that MDD is comorbid in more than half of patients with PTSD, with a stronger association in military samples. 34 We also found a higher frequency of Axis II diagnoses among veterans with PNES versus those with ES. However, Axis II diagnoses were a relatively weak discriminator between the PNES and ES groups. TBI is a leading cause of ES in young adults. 35 Given the high incidence of TBI in recent US military conflicts, and reports of an association between TBI and PNES, we evaluated the association between TBI and PNES in veterans. [9] [10] [11] We used a structured report to specifically evaluate patient attribution of TBI as a likely cause of their seizures. 17 Although the overall distribution of TBI severity was less severe for veterans with PNES (vs ES, There are limitations to these findings. EMU referrals were for poorly controlled seizures or concern for an alternative diagnosis such as PNES. As such, our patients may not represent the broader population of veterans with seizure disorders. Our results regarding TBI attribution are based on a patient questionnaire; service treatment records were not reviewed. Between military deployment and participation in this study, self-reported TBIs may be influenced by current psychiatric symptoms and other factors, underscoring the importance of objective records review. 36 Strengths of this study include a relatively large sample of veterans with EMU-proven PNES or ES. Evaluations of psychiatric comorbidity were standardized by using the SCID, and evaluation of attributing seizures to TBI was standardized using the PSEQ. To minimize patient and interviewer bias, we obtained research evaluations before establishing the final seizure type diagnosis and debriefing patients regarding their diagnosis. Awareness of the PNES diagnosis might otherwise have affected patient responses on the SCID and questionnaires.
These results have practical implications for clinicians caring for veterans. The diagnosis of PNES is delayed in veterans as compared to civilians. 2 As a result, veterans have a several-fold increase in cumulative antiepileptic drug exposure prior to diagnosis. The observed association of PNES with PTSD, and with TBI attribution, may prompt consideration of PNES in similar patients and early referral for diagnostic evaluation. These issues are especially relevant to veterans of recent US military operations, where TBI and PTSD have been reported in 15%-20% of those deployed. 23, 37, 38 There are promising new therapies for the treatment of PNES, and the association between PTSD and PNES suggests additional therapeutic approaches specific to veterans. 39, 40 Early diagnosis of PNES provides the best opportunity to utilize these therapies and decrease long-term disability.
